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You discover that the dirt in your neighbors basement has the ability to inifiafe
neurons to start growing after they have stopped for a long period of time. Using
separation chromatography, you find that a 4-catecholamine derivative complex is
responsible. Your scientific curiosity pushes you to want to know everything about
this molecule, and how it has this very wuseful ability to initigfe neuvonel
regeneration. For the purpose of this exam, we will call this small magical melecule
*RCS137". Using ligand affinify chromatography, you deiermine that this moelecule
binds to a prolein in neurons which you have named "reuronase” .

1. {25 points) You first want t0 examine neuronase by a variety of biophysical
techniques to avoid solution/gel artifacts. By solution transport techniques (light
scattering, sedimentation, etc.) you find that the protein behaves as a 174 kD protein
(1kD equals 1000 g/mol). When neuronase is run on an SDS-PAGE gel, it migrates
alongside a marker equal to 29 kD. You then measure the osmotic pressure of
neuronase at 37 “C using a membrane with a molecular weight cut-off (MWCO) of
1,000 g/mol. In a solution of 8 mg/mL protein in dilute buffer, you find the osmofic
pressure to be 1.17 x 10° atm.

(2} (10 points) Explain the above resuits. What is the molecular weight of
neuronase? How does it exist in solution?
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(b} (15 points) List 5 molecular properties that describe the protein. How would
you obtain each property listed?
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2. (25 poinis)
(a) (15 points} You perform a sedimentation experiment and determine that
neuronase neither sinks nor floats in a solution of density 0.8 g/cm’. What is the
partial specific volume v, of neurcnase? Assuming that neuronase is an unsclvated
sphere of mass m, determine the volume, radius r, and frictional coefficient f, for the
molecule. The viscosity of the medium 1 may be assumed to be that of water, 1 x 107
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(b) {5 points) You determine the diffusion coefficient I for neuronase in dilute
buffer at 37 *C to be 647 x 10° an’/s. Calculate the frictional coefficient £,
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(€} (5 points) What is the ratio f/f, ? Assuming that the difference between the
values f and f, is not due to hydration, what is another possible reason for the
discrepancy?
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3. {25 points)
(a) (6 points) Using ligand affinity chromatography, you found that RC5137 binds to
the positively charged neuronase. You believe that a particular aspartate residue in
neuronase is important for binding to RCS137. You decide to test this theory by
mutating the aspartate to an asparagine. What effect will this mutation have on the
electrophoretic mobility of neuronase versus the wild-type {nor-mutated) form:
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(b} (19 points} You perform ah equilibrium dialysis experiment to examine the Vg
binding of RCS137 to neuronase, which you believe to have six identical and
independent binding sites. You measure the osmotic pressure of a solution of
neuronase to be 3.0 x 10 atm at 37 °C, using an osmometer. You then place the
neuronase solution into a dialysis bag and measure the binding of RCS137 to
neurcnase by equilibrium dialysis at the same temperature. In one run, after
binding equilibria is established, the concentration of RCS137 outside the bag 15 1.0 x

10~, and the total concentration of RCS137 inside the bag is 4.5 x 107,

(i) (10 points) What is the equilibrium binding constant K for
RCS137-neuronase binding in these conditions? e
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(ii) (9 points) You repeat your equilibrium dialysis experiment in the same

conditions as above using your mutant neuronase, and find that K for the mutant
neurpnase is 200 times greater'than the K for wild-type. Compute the change in AG
of binding for neuronase caused by the mutation.
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4, (25 points)
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For the wild-type neuronase, you repeat the equilibrium dialysis experiment at
different concentrations of RCS137. The values you obtain for v, the average number
of RCS137 molecules bound to neuronase, at the different RCS137 concentrations are

as given in the data table below. [RCS137] is given in g/L.
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(a) (10 points) Graph a Scatchard plot for the RCS137-neuronase binding. What
does the plot tell you about the nature of the neuronase binding sites? Was your
19,000 assumptiop-in Giestign 3b correct?
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the cooperativity? If not, how do you know?
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) (I5 points) ' Graph a Hill plot for the RCS5137-neuronase binding. Is
RCS137-neuronase binding cooperative? If so, what can you say about the nature of
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